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 RDR =
V
NV
 
RSFDR =
V
D
 
 
 
 
C = S =
P
N
 
 
  
VCM(s) =
I1R + I2R
2
=
sCbRV(RRs + 2RZ + RsZ)
2(2RRs + 2RZ + RsZ + CbR2Rss + CbR2Zs + CbRRsZs)
≈
s2ZCbR
2V
2(2RZ + sCbR(RRs + RZ + RsZ))
≈
sCbRV
2 + sCb(R + Rs)
= V
s
CbR
2
1 +
sCbR
2
≈ sV
CbR
2
⇒ VCM(t) ≈
ΔV
Δt
CbR
2
 
 
  
  
 
 
 
  
  
  
≫ ≫ ω ≫
ADM
CMRR
VCM <
VmADM
RDR
1
CMRR
ΔV
Δt
RCb
2
<
Vm
RDR
⇒ Cb <
2VmCMRR
RRDR
ΔV
Δt
=
2 ∙ 20[mV] ∙ 1000
50[Ω] ∙ 1000 ∙ 10[kV] ∙ 106 [
1
s]
 = 80 fF
 
                             
             
        
           
                 
          
 𝜔𝑉𝐶𝑂 = 𝜔0 + 2𝜋𝐾𝑉𝐶𝑂𝑉𝑚(𝑡)
⇒ 𝜙𝑉𝐶𝑂 = ∫ [𝜔0 + 2𝜋𝐾𝑉𝐶𝑂𝑉𝑚(𝑡)]𝑑𝑡
𝑡
0
= 𝜔0𝑡 + 2𝜋𝐾𝑉𝐶𝑂∫ 𝑉𝑚(𝑡)𝑑𝑡
𝑡
0
ω
Vo(t) = V sin(ϕVCO) = V sin(ω0t + 2πKVCO∫ Vm(t)dt
t
0
)
f0t ≫ KVCO∫ Vm(t)dt
t
0
⇒ Vo(t) ≈ V sin(ω0t)
              
   
  
 
 
 
 
 
   
 
 
 
                 
              
   
  
 
 
 
 
 
   
 
 
 
         
              
   
  
 
 
 
 
 
   
 
 
 
                 
              
   
  
 
 
 
 
 
   
 
 
 
         
              
   
  
 
 
 
 
 
   
 
 
 
                
              
   
  
 
 
 
 
 
   
 
 
 
                
Vo(t) = V ∑ Jn(m)sin (2πt(f0 + nfm))
∞
n=−∞
 
̂
̂
Vo(t) = V∑
m
π(m − n)(mD− nD + n)
sin(πD(m − n)) sin (2πt(f0 + nfm))
∞
n=−∞
̂
̂
  
π
.
S = 3m2(m + 1)C ≈ 3m2C,   m ≪ 1
̂m =
KvcoV̂m
fm
≈ √
S
3C
⇔ fm ≈ KvcoV̂m√
3C
S
 
fm < Kvco ∙ max {V̂m}
√3C
RDR
≈
B ≈ 2(m+ 1)fm = 2(KvcoV̂m + fm) ≤ 2(Kvco ∙ max{V̂m} + max{fm})
 
 Y(s)
X(s)
=
2πKVCO
s KPDA
(s)
1 +
2πKVCO
s KPDA
(s)
=
2πKVCOKPDA(s)
s + 2πKVCOKPDA(s)
E(s) = X(s) − Y(s) = X(s) − X(s) ∙
Y(s)
X(s)
= X(s) [1 −
2πKVCOKPDA(s)
s + 2πKVCOKPDA(s)
]
= X(s)
s
s + 2πKVCOKPDA(s)
ω
ω
lim
t→∞
 e(t) = lim
s→0
sE(s) = lim
s→0
 sX(s)
s
s + 2πKVCOKPDA(s)
= lim
s→0
s
s2
s
s +
2πKVCOKPDKL
(1 +
s
w1
)
2
= lim
s→0
(1 +
s
w1
)
2
s (1 +
s
w1
)
2
 + 2πKVCOKPDKL
=
1
2πKVCOKPDKL
≈ 0
                            
             
        
           
       
    
          
          
>Y(s)
N(s)
=
A(s)
1 − KPD
2πKVCO
s A
(s)
=
sA(s)
s − KPD2πKVCOA(s)
ω
 ω ϕ (t) ω ϕ (t)
VIF(t) = v1(t)v2(t) =
V1V2
2
[cos(2ωot + ϕ1(t) + ϕ2(t)) + cos(ϕ1(t) − ϕ2(t))]
2ω0
PIF = PRFGPD
VIF(t)  = √2GPDPRFRcos(ϕRF(t) − ϕLO(t))
R
(ω   π ∫ ( ) ) (ω   π ∫ ( )  ϕ )
VIF(t)  = √2GPDPRFRcos (2πKVCO∫x(t)dt − 2πKVCO∫y(t)dt + ϕ2)
≈ 2πKVCO√2GPDPRFR [∫x(t)dt − ∫y(t)dt]
ϕ π
π ≈
dVIF(t)
dt
 = 2πKVCO√2GPDPRFR[x(t) − y(t)]
( ) ̂ ω
dVIF
dt
=
d
dt
V̂msin(ωmt)
AV,IF
=
V̂mωm cos(ωmt)
AV,IF
V̂mωm cos(ωmt)
AV,IF
 = 2πKVCO√2GPDPRFR[x(t) − V̂msin(ωmt)]
⇔ x(t) =
V̂mfm
KVCOAV,IF√2GPDPRFR
cos(ωmt) + V̂msin(ωmt)
σ
σ2 =
∫ x(t)2dtT
∫ y(t)2dtT
=
π
ωm
[(
V̂mfm
KVCOAV,IF√2GPDPRFR
)
2
− 2
V̂mfm
KVCOAV,IF√2GPDPRFR
V̂m + V̂m
2 ]
π
ωm
V̂m
2
= (
fm
KVCOAV,IF√2GPDPRFR
)
2
−
2fm
KVCOAV,IF√2GPDPRFR
+ 1
σ
(1 − Rσ)
2 < (
fm
KVCOAV,IF√2GPDPRFR
)
2
−
2fm
KVCOAV,IF√2GPDPRFR
+ 1 < (1 + Rσ)
2
AV,IF =
±√ fm
2 (1 ± Rσ)2 − fm
KVCO√2GPDPRFR[(1 ± Rσ)2 − 1]
≈
±√ fm
2 (1 ± 2Rσ) − fm
KVCO√2GPDPRFR[±2Rσ]
= {
−√ fm
2 (1 − 2Rσ) − fm
KVCO√2GPDPRFR[−2Rσ]
,
+√ fm
2 (1 + 2Rσ) − fm
KVCO√2GPDPRFR[+2Rσ]
}
= {±
√ fm
2 (1 − 2Rσ) + fm
2RσKVCO√2GPDPRFR
,
√ fm
2 (1 + 2Rσ) − fm
2RσKVCO√2GPDPRFR
}
≈ {
fm
RσKVCO√2GPDPRFR
, 0}
AV,IF >
fm
RσKVCO√2GPDPRFR
π
π ∈
π
ϕ   ϕ    π
π  
cos(x) = x +
π
2
−
(x +
π
2)
3
6
+ Ο(x5)
π ( )
cos (−
π
2
+ a cos(x) + bcos(y)
= a cos(x) + bcos(y)
−
1
24
[3a3cos(x) + a3cos(3x) +  3a2b cos(2x − y)
+  3a2bcos(2x + y) + 6a2bcos(y) +  3ab2cos(x − 2y)
+  3ab2cos(x + 2y) + 6ab2cos(x) + 3b3cos(y) + b3cos(3y)]   
+ Ο(x5)
≈ a cos(x) + bcos(y)
−
1
24
[(a3 cos(3x) + 3a2bcos(2x − y) + 3a2bcos(2x + y)
+ 3ab2 cos(x − 2y) + 3ab2 cos(x + 2y)) + b3cos(3y)]
≪
≪
RSFDR =
A
(
3A3
24 )
=
24
3A2
A < √
24
3RSFDR
ϕ ϕ π ω ω
VIF ≈ √2GPDPRFR ∙ A[cos(ω1t) + cos(ω2t)] =
V̂m
AV,IF
[cos(ω1t) + cos(ω2t)]
⇒ AV,IF =
V̂m
A√2GPDPRFR
AV,IF >
max{V̂m}
√
1
RSFDR
∙
24
3 √2GPDPRFR
= max{V̂m}√
3RSFDR
48RPRFGPD
RSFDR =
48AV,IF
2 GPDPRFR
3V̂m
2
fIM3 ∈ {
|(2(f0 + nfm)  − (f0 +mfm)) − fLO|  ,
 |(2(f0 +mfm)  − (f0 + nfm)) − fLO|
}
= fo − fLO + fm{|2m − n|, |2n − m|}, m, n ∈ Ζ,m ≠ n 
fIM3 ∈ {
 |(2(f0 + nfm)  − (f0 +mfm)) − (f0 + lfm)|  ,
|(2(f0 +mfm)  − (f0 + nfm)) − (f0 + lfm)|
}
= fmod{|2n − m− l|, |2m − n − l|}, m, n, l ∈ Ζ,m ≠ n 
∈ ∈ ∈
PRF[dBm] − 3[dB] = IP3IN[dBm] −
|RSFDR[dB]| − 3[dB]|
2
− |GPD[dB]|
⇒ PRF[dBm] < IP3IN[dBm] −
|RSFDR[dB]|
2
− |GPD[dB]| + 1.5[dB]
FPD =
(
PRF
NRF
)
(
PIF
NIF
)
=
NIF
NRF
PRF
PIF
⇒ NIF =
FPDNRFPIF
PRF
=
FPDNRFPRFGPD
PRF
= GPDFPDNRF
dVIF (±
π
2)
dΔϕ
=
d
dΔϕ
√2GPDPRFRcos(Δϕ) = −√2GPDPRFR sin (±
π
2
) = ∓√2GPDPRFR
VIF = 2 |
dVIF (±
π
2)
dΔϕ
| (ϕRF − ϕLO) = 2√2GPDPRFR(ϕRF − ϕLO) = KPD(ϕRF − ϕLO)
 
fm ≤
SR
2π ∙ max {V̂m}
 
 ϕout(s) = L {ω0t + 2πKVCO∫ Vm(t)dt
t
0
} =
ω0
s
+ 2πKVCO
Vm(s)
s
𝜙1 − 𝜙2
ϕout(s)
Vm(s)
=
2πKVCO
s
ϕout(s) = GVCO(s)
2πKvco
s
Vm(s)
 
 td =
Lp√ϵr
c0
ϵ
Gd(s) = e
−std = e
−s
Lp√ϵr
c0
  
 
  
 
 
             
                            
           
              
    
           
                             
                 
            
                 
                 
               
 L ≈ 2 ∙ 10−7 ln (
5.98h
0.8w+ t
)
C ≈
2.64 ∙ 10−11(ϵr + 1.41)
ln (
5.98h
0.8w + t)
 
ϵ
  √  

  
 
  
  
  
  
 
  
   
  
             
         
VDM(s) = I1R − I2R
= sL(I1 + I2 + I3) − sL(I1 + I2 + I3) − VCb
− (sL(I1 + I2 + I3) − sL(I1 + I2 + I3) − VCb − VRs) = VRs 
VDM(s)
ILRs
=
R(sCbR+ 2)
2R + Rs + sCbR2 + sCbRRs
≈
R(sCbR+ 2)
2R + sCbR2
= 1 
≫
 
  
  
  
  
  
  
 
VCM(s) =
I1R + I2R
2
=
sL(I1 + I2 + I3) − sL(I1 + I2 + I3) − VCb +   
+ (sL(I1 + I2 + I3) − sL(I1 + I2 + I3) − VCb − VRs)
2
= −(VCb +
VRs
2
)
= −
CbR
2Rss V
2 (2RRs + 2RZ + RsZ + CbR2Rss + CbR2Zs + CbR RsZs)
≈ −
CbR
2Rss V
2 (2RZ + sCbR2Z)
= −
V
Z
Rs
2
s
RCb
2
1 + s
RCb
2
≈ −
ILRs
2
s
RCb
2
1 + s
RCb
2
→ −
ILRs
2
as s → ∞ 
≫ ≫
 
  
                         
                          
                   
 
   
 
  
   
   
                  
                            
           
     
       
  
Popt = 20 [
mW
V
]Vel⇔
Popt
2
50[Ω] (20 [
mW
V ])
2 =
Vel
2
50[Ω]
= Pel
⇒ Pel <
(5 [mW])2
50[Ω] ∙ (20 [
mW
V ])
2 = 1.3 mW = 0.96 dBm
SPHD =
1
BRIN
=
1
10−
120
10 [
1
Hz] ∙ B
= 1012[Hz] ∙
1
B
SPHD =
PPHD
NPHD
⇒ NPHD =
PHD
SPHD
= PPHDBRIN =
(200 [
V
W]5
[mW])
2
50[Ω]
∙ 10−12 [
1
Hz
] ∙ B 
= 2 ∙ 10−14 [
W
Hz
] ∙ B
(10 [
pW
√Hz
] ∙ √B ∙ 200 [
V
W])
2
50[Ω]
= 8 ∙ 10−20 [
W
Hz
] ∙ B
̂
μ
fm =
SR
2π ∙ max {V̂m}
=
1350 [
μs
V ]
2π ∙ 2.14[V]
= 100 MHz
PRF[dBm] < IP3IN[dBm] −
|RSFDR[dB]|
2
− |GPD[dB]| + 1.5[dB]
= 20[dBm] −
40[dB]
2
− 8[dB] + 1.5[dB] = −6.5 dBm = 223 μW 
AV,IF > max{V̂m}√
3 ∙ RSFDR
48 ∙ RPRFGPD
= 2.14[V]√
3 ∙ 10
40
20
48 ∙ 50[Ω] ∙ 223[μW] ∙ 10−
8
10
= 127
= 42 dB
AV,IF ≥
fm
RσKVCO√2GPDPRFR
=
100 [MHz]
4[%] ∙ 40 [
MHz
V ]
√10−(
8
10) ∙ 223[μW] ∙ 50[Ω]
= 1049 = 60.4 dB
PPHD =
(5[mW] ∙ 200 [
V
W])
2
50
= 20mW = 13dBm 
B < 2(Kvco ∙ max{V̂m} + max{fm}) = 2 (40 [
MHz
V
] ∙ 2.14[V] + 100[MHz])
= 372 MHz
      
              
  
  
  
  
  
  
  
  
  
  
  
  
 
 
                                    
{ ̂ }
σ ≈
 
  
VIF = KPD(ϕRF − ϕLO) = 2√2GPDPRFR(ϕRF − ϕLO)
= 2√2 ∙ 0.1585 ∙ 223[μW] ∙ 50[Ω](ϕRF − ϕLO)
= 0.12[V] ∙ (ϕRF − ϕLO) 
ϕout =
GVCO(s)
s
2π ∙ KvcoVmod =
GVCO(s)
s
2π ∙ 40 [
MHz
V
]Vmod(s)
  
 
 
 
   
 
td =
Lp√ϵr
c0
=
73[mm]
300 ∙ 106 [
m
s ]
√ϵr ∈ {243ps, 500ps}}
NIF = NPHDGPDFPD = 2 ∙ 10
−14 [
W
Hz
] ∙ B ∙ GPDFPD
  
 
 
   
 
 
√50[Ω] ∙ NIF = √4kTBR ⇔ 50[Ω] ∙ NIF = 4kTBR
⇒ R =
50[Ω]
4kTB
∙ NIF =
50[Ω]
4kTB
NPHDGPDFPD
=
50[Ω]
4 ∙ 1.38 ∙ 10−23 [
J
K] ∙ 300
[K] ∙ B
∙ 2 ∙ 10−14 [
W
Hz
] ∙ B ∙ 10−
8
1010
8.5
10
= 68 MΩ 
 
 
 √
AV,INPUT =
max{V̂mod}
max{V̂input}
=
2.14[V]
20[mV] ∙ √2
= 37.6 dB
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 H1
H2
H3
L1
L3
G = H1H2H3 + L1L2L3⇔ L2 =
G − H1H2H3
L1L3
L2(jω) =
H1(jω1)H2(jω1)H3(jω1) − H1(jω)H2(jω)H3(jω)
L1(jω)L3(jω)
𝜔1
ω
ω
 
   
 
  
     
           
  
     
   
     
           
  
     
            
  
     
              
     
            
  
L2(s) =
−1.202 ∙ 10−6s4 − 8164 ∙ 10−3 s3 + 38.92 s2 + 5.808 ∙ 104 s + 2.468 ∙ 107
 s2 − 7884 s − 7.244 ∙ 105
Nv = √NPLL
2 |H3(s)|2 +NIN
2 |H2(s)|
2
|H3(s)|2 + NOUT
2
                   
              
  
    
  
    
 
 
  
  
 
 
 
                      
    
                        
                   
              
    
    
   
 
 
 
 
 
 
  
 
 
 
 

N2 = N1
2 + N2
2 = [S =
P
N
= RDR
2 ⇒ N =
P
RDR
2 ] ⇒
P2
RDR
4 =
P2
RDR1
4 +
P2
RDR2
4
⇔ RDR =
1
(
1
RDR1
4 +
1
RDR2
4)
1
4
=
=
1
(
 
 
 
 
 
 
1
(
 21.4[mV]
|G(jf)|
√∫ NV
2df
B )
 
4 +
1
S [
21.4 ∙ √2[mV] ∙ |H1(jf)|KVCO
f ]
2
 
)
 
 
 
 
 
 
1
4
               
              
  
  
  
  
  
  
  
  
  
 
 
 
 
 
  
  
 
 
 
 
  
 
 
 
                                     
                   
       
        
      
              
  
  
  
  
   
   
   
 
 
 
  
 
 
 
  
  
 
  
 
 
 
 
  
  
 
 
 
 
  
 
 
 
                                        
                     
                                         
                     
                   
                   
 
  
                         
                          
                   
           
                  
                
   
     
     
     
    
     
          
                
       
   
     
     
     
    
   
     
     
     
     
   
   
     
  
   
    
    
   
   
   
           
     
   
   
          
     
   
      
   
   
   
           
     
       
       
  
 
 
